The crystal structure of the high temperature phase of anilinium bromide, CeH5NH3®Br e , was studied by X-ray and neutron diffraction at T = 343 K. The refinement supports disordered positions of the -NH3® group. A split-atom model is proposed which includes disorder of the benzene ring. The thermal parameters, hydrogen bond distances, and other experimental data (NMR, NQR, inelastic neutron scattering) are in accordance with this model.
Introduction

Anilinium bromide, C6H 5 NH3®Br
e , shows at T -296.9 K a reversible solids solid phase transformation by which the orthorhombic high temperature phase C6HöNH3Br(I) (space group D|®-Pnaa, Z = 4) changes into the monoclinic low temperature phase C6H5NH 3 Br(II) (space group C| h -P2i/a), Taguchi [1] , Suga [2] . The transition is of higher order, as shown by dilatometric studies [1] , by 79 Br Nuclear Quadrupole Resonance (NQR) studies (Pies and Weiss [3] ; part I of this series), and by investigations of the iH-NMR spin-lattice relaxation times (Ratcliffe and Dunell [4] ). An orientational order-disorder transition C6HsNH3Br(I)^ C6H 5 NH 3 Br(II) was proposed [2] . The 79 Br-NQR of C6H 5 
The X-ray single crystal intensities were strongly influenced by extinction. Therefore, a powder pattern of 23 reflections was registered (CuKa, 4° 2$fS42°, T = (313±2)K) to obtain data free of extinction. It is assumed that the extinction correction is not affected by different temperatures of measurement (343 K: single crystal, 313 K: powder).
The scattering factors (including corrections for anomalous dispersion for Br e ) were taken from International Tables [8] (X-ray diffraction) and from the compilation of Bacon [9] (N diffraction). The calculations were carried out by the SHELX-76 [10] and X-Ray System [11] .
The positional and thermal parameters were refined by least squares methods starting with the parameters of Nitta et al. [5] . Individual weights were attributed to each reflection as W=l/a 2 {F) for X-ray and W=1 /[er 2 (F) -f-0.0002 • F 2 ] for neutron diffraction.
Results
X-ray Diffraction
Careful inspection of difference Fourier syntheses gave the positions of the hydrogen atoms at the benzene ring. They were included in the parameter set with an isotropic temperature factor. The reliability factors obtained were In Table 2 atomic coordinates, thermal parameters and standard deviations are given. The numbering scheme is shown in Table 1 . The nitrogen atom N, the atoms C(l) and C(4) and the hydrogen atom H(4) are located on a twofold axis in special positions.
Neutron Diffraction
Refinement of the neutron data started with the positional and thermal parameters of the X-ray Table 3 Table 2 . Figure 1 shows the intramolecular distances and angles based on N-diffraction. The relevant intra-and intermolecular distances and angles are listed in Table 3 *. •• C(4)-H(4). In Fig. 4 the ring system of C 6 H 5 NH3©Brö is shown with its 50%-probability thermal motion ellipsoids of the individual atoms (ORTEP [19] ). Besides the thermal vibrations around the twofold axis C 2 the vibrations around one or two axes perpendicular to C2 are significant. A transformation of the thermal ellipsoids into the main axes system corroborates the visual impression one has by looking on Figure 4 . The direction of greatest mean thermal amplitude of the atoms C(4) and H(4) is parallel to the plane of the Cö-ring. This is due to a fairly strong vibration of the ring around an axis perpendicular to it, an axis which intersects the plane of the ring near the atom C(l). C(l) shows an almost spherical thermal ellipsoid with relatively small amplitudes (Fig. 4) and Table 2 
)). The thermal ellipsoid of the nitrogen atom is quite anisotropic, however, with the maximum elongation parallel to [001] -in contrast to
the Cß-ring. 
. Coordination of the nitrogen atom in anilinium bromide (I). The amino group of the anilinium ion I is given together with the bromide ions I and III (see Figure 2.). Neutron diffraction data. Atomic distances in pm.
The -NH 3 ® group : Orientational Disorder and the Hydrogen Bond System
In Fig. 5 the coordination of the nitrogen atom to its hydrogens and the four neighbouring Br© ions is given. The corresponding interatomic distances and angles are listed in Table 4 . The three hydrogen atoms of the -NH3® group are distributed over four point positions, an arrangement which is in accordance with the symmetry of the crystal. For the distribution of the hydrogens on these four positions the pairwise occupation numbers 0.5 and 1.0 have been found. Assuming an approximate symmetry C3V for the -NH3® group in the ion C6H5NH3® the twofold rotation axis A consequence of different nitrogen positions in Ai and A2 is the loss of a static twofold axis of the molecular fragment C6H5N; this twofold axis is now a dynamical one. Therefore, it is appropriate to assume for the whole anilinium ion two slightly different orientations. Consider the anilinium ion I (Fig. 2) The split-atom model offers an explanation for the dominant mean vibrational amplitudes of C(4) and H(4) which are directed parallel to the plane of the ring. In Fig. 7 one can see that in both orientations the ring is practically in an eclipsed position to one H atom of the -NH3® group. Such an eclipsed configuration is known from several crystal structure studies of anilinium compounds [18] , [24] . The resulting eclipse-angle C-C-N is up to 2° larger than the staggered one. This corresponds to a small in plane bending of the C-Nbond. During the reorientations of the -NH3® group in anilinium bromide (I) a small motion of the ring parallel to its plane is expected which goes in the opposite direction, and this can be seen from the thermal parameters. The crystal structure determination of the low temperature phase C 6 H5NH3®Br©(II) supports this model (see the following paper).
The Reorientation
The orientational disorder of the high tempera- Considering size and crystal structure, there is a close relation of anilinium bromide with the npropylammonium halides, which have been studied by King and Lipscomb [30] by X-ray diffraction. The high temperature phases of n-CsHvNH^Y®,
